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Abstract. The key goal of our research is the identification and analysis of accumulations of metal ions (Pb
2+, Zn
2+, Cu
2+, Fe
2+)
during their imbibition in seeds of Phaseolus vulgaris and Zea mays. We take as samples seeds collected from one metalliferrous
and respectively from one non-metalliferrous area in Maramures County (North-West of Romania). We will refer following to an
area as being “metalliferrous” because of its known high degree of pollution with metallic components, and to the other area as
“non-metalliferous” because of being generally known as very much less exposed to pollution in general. We will subsequently
name as being “polluted” the seeds originated in the metalliferous area, and respectively as “unpolluted” the seeds originated in the
other  area.  We  have  thoroughly  investigated  in  quantitative  terms the  existence  of accumulations  of  each  of  the  metal  ions
mentioned  above  during  imbibition  at  three  different  levels  of  concentration.  The  seeds  grown  in  the  non-metalliferous area
generally display a higher degree of absorption for each of the metal ions than the seeds grown in the metalliferous area. On the
other hand, we have concluded that the concentration of heavy metals does not impact significantly the absorption capacity of both
the polluted and unpolluted Z. mays seeds. The P. vulgaris seeds behaved differently, namely the content of metal ions absorbed
went proportionally up, as the concentration of the initial solution went higher.
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INTRODUCTION
Anthropogenic  factors  (industrial  activity,  mining,
sewage disposal,  traffic,  etc.)  are mainly responsible
for the growing concentration of heavy metals in soil.
Heavy metals inhibit directly (by altering the catalytic
function of enzymes, by damaging cellular membranes,
by inhibiting  the growth  of roots)  and  indirectly (by
dampening photosynthesis and mineral nutrient uptake,
by  structural  changes)  all  physiological  processes  in
plants  [10,  14].  Another  indirect  effect  of  the
contamination of soil with heavy metals consists in the
decline  of  the  microbiological  activity,  activity
particularly vibrant in the rhizosphere.
Plants usually show the ability to accumulate large
amounts  of  metals  without  visible  changes  in  their
appearance or yield [13]. In many species of plants the
level  of metal accumulation  can  exceed  even  several
hundred times the maximum level accepted for human
beings, without a perceived negative impact on  their
growth or yield [24]. Therefore, it seems that plants can
endure a level of environmental pollution that might be
even  several  times  higher  than  the  level  observed
nowadays [9, 16, 21].
Metals accumulate and remain in  soil  along time
frames spanning even hundreds of years, but impact in
various ways the plants grown on polluted sites [19].
Various  species  of  plants  growing  in  a  metalliferous
area are known for their capacity to adapt to a polluted
environment, by inactivating ions of heavy metals [3,
4, 26]. This occurs by binding the metal ions in excess
and/or  by  changing  the  chemical  composition  and
physical organization of cellular membranes [17, 22].
Many research  teams [1, 6] have investigated the
influence of heavy metals on the metabolism of plants,
but  data  remains  scarce  about  the  accumulation  of
heavy metals in  the reproductive organs of plants [5,
20].  Stefanov et.  al. [22],  which  studied  the
accumulation of lead, zinc and cadmium in the seeds of
various  plants,  showed  that  plants  accumulate
selectively ions of heavy metals in their seeds. Peanut
and  corn  seeds  accumulate  mainly  lead,  pea  seeds
accumulate  mainly  cadmium  and  wheat  seeds
accumulate mainly zinc. On the other hand, Lane and
Martin [11] showed that the coats of Raphanus sativus
seeds were a strong barrier to lead and helped prevent
the contamination of embryos until the coats were torn
apart  by  the  germinating  embryonic  root.  There  are
reports  on  the  inhibitory  effect  of  lead  on  the
germination of seeds of the Lupinus luteus [25], Oryza
sativa [15] and Sinapis alba [7] species.
One of the methods to assess how tolerant the seeds
of a plant are to the ions of a metal consists in sowing
those  seeds  in  soil  containing  such  ions.  This
substantiates that heavy metals have a significant effect
on  germination  [2].  The  studies  mentioned  above,
unlike  those  by  Lane  and  Martin  [11],  point  to  the
significant  influence  of  lead  on  the  germination  of
seeds. In this situation it seems that lead ions impact
the  germination  process  depending  on  differences  in
the  structure  of  seeds,  more  precisely  depending  on
differences  in  the  structure  of  coats.  The role  of  the
coat  is  to protect  the  embryo  from  harmful  external
factors  is  well  known.  But  seed  coats  have  a  wide
range of anatomic forms that do not exist in other organ
or tissue of the plant [8]. Wierzbicka et. al [24] showed
that  out  of  all  the  families  of  plants  tested,  the
Fabaceae are  very  sensitive  as  the  concentration  of
metal ions goes up.
The key goal of our research was to establish how
the  accumulation  of  heavy  metals  occurs  during
imbibition, the first step of the germination process, in
seeds  originating  from  a  metalliferous  area  as
compared to seeds from a non-metalliferous area. Our
other ongoing concern is to collect evidence about how
the  adaptive  behavior  of seeds  during imbibition  has
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distribution  pattern  of  the  metal  ions  among  the
different organs of the plant.
MATERIALS AND METHODS
Seed material. Satu Nou de Sus is a village in the
North  – East neighborhood  of Baia  Mare (see  upper
circle on the map in Figure 1), in the the Maramures
County  (North-West  of  Romania).  It  is  known  as
heavily polluted area due to intensive mining and ore
processing  activities  in  the  past.  Oarta  de  Jos  is  a
village located about 50 km South - West of Baia Mare
(see lower circle on the same map), in an area that is
rather clean, just because of being exempted from any
sort of mining and industrial activity. Even more, the
village  is  about  10  km  far  of  any  significant  road
traffic, which is by itself a source of pollution. We have
collected P. vulgaris and Z. mays seeds out of the crop
harvested in Satu Nou de Sus and respectively in Oarta
de Jos, in the fall of 2009.
1
2
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1. Area free of pollution with ions of heavy metals
2. Area heavily polluted with ions of heavy metals
50km
Source : part of a map edited and posted on the Internet by RestRom SRL
Figure 1. Map of Maramures County. Circles identify the locations from where we have collected the seeds of P. vulgaris and Z. mays for the
research interests of this paper.
Our samples have included ten individual seeds of
each type. We have disinfected the seeds with alcohol,
washed  them  three  times  with  distillated  water  and
have  introduced  them  to  stay  during  germination  in
solutions with different concentrations of ions of heavy
metals. The solutions containing the metal ions were
prepared using FeSO4, (CH3COO)2Pb, CuSO4, ZnSO4
salts. We have prepared solutions with the following
concentrations: 10, 50 and 250 mg/L for Fe
2+; 10, 20
and 25 mg/L for Cu
2+; 5, 10 and 15 mg/L for Zn
2+; 100,
1000 and 10000 mg/L for Pb
2+.
As blanks (witness samples) were used each type of
seed  (polluted  and  unpolluted  bean,  polluted  and
unpolluted maize) introduced in pots for  germination
containing distillated water. The imbibition time was 2
days at 22
0C.
The  analysis  procedure  of  heavy  metals. After
imbibition,  the  seeds  were  washed  with  distillated
water and dried at 105
0C for 72 hours in a US-made
Binder  drying  oven.  A  Retsch  RM-100  grinding
machine was used to prepare the samples of imbibited
seeds for the mineralization stage. A Berghof MWS-2
microwave  system  was  used  for  mineralization.  For
plant material mineralization, the following parameters
were selected: step 1 - 145
0C, 5 minutes, power 75%;
step 2 - 190
0C, 10 minutes, power 90%; step 3 - 100
0C,
10 minutes,  power  40%.  For  soil  mineralization, the
following parameters were selected: step 1 - 180
0C, 25
minutes,  power  99%;  step  2  -  100
0C,  10  minutes,
power 99% were used. The mixture of 10 mL HNO3
65% (d = 1,4 kg/L, Lach-Ner) and 0,3 g plant powder
and 4 g dried soil respectively, were introduced in the
microwave  system.  After  mineralization  the  samples
were brought to 100 ml volumetric flask with distilled
water.  A Perkin  Elmer  AAS-800  Spectrometer  has
allowed us to apply a spectrometric method in order to
measure the concentration of metals in seeds and soil.
We  have  relied  on  a  Krúss  Optronic  binocular
microscope  in  order  to  investigate  the  degree  of
imbibition  by  optical  microscopy.  This  method
required the achievement of a  specific color reaction
for  each  metal  ion  control.  Table  1  gives  the  color
assigned to each metal ion and corresponding to each
reagent.
Table 1. The specific reagents used to identify the iron, copper, zinc
and lead ions.
Heavy
metal Reagent Color
Fe K3[Fe(CN)6] 5% Green
Cu Ditizone 0,12% in CHCl3 Red
Zn Ditizone 0,12% in CHCl3 Brown
Pb KI 5% Yellow
We  have  maintained  the  seeds  for  10  minutes
immersed  in  reagent,  and  have  dried  them  up  for
another  10  minutes  in  open  air.  A manual  MIC-500
microtome  has  allowed  us  to  produce  mono-cellular
microscopic  sections.  In  order  to  use  the  microtome
efficiently,  before  sectioning  we  have  immersed  the
seeds in a paraffin bath, to get them fastened.
RESULTS
Data  included  in  Table  2  and  in  Figure  2  stand
proof that the content of heavy metal in polluted seeds
is about 1.2 times higher as compared to the content in
unpolluted seeds. With the exception of Zn, this stands
for  each  of  the  metallic  ions  considered.  The
accumulation of copper is 2 times higher in the seeds of
maize from the polluted area, as compared to the seeds
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Also, the content of iron in the seeds of polluted maize
is about 1.7 times higher than in the unpolluted seeds.
We have established that the ratio between the content
of lead in seeds of unpolluted maize and the content of
lead in seeds from polluted maize was comparable to
the equivalent ratio between seeds of beans.
The  surface  of  bubbles  from  Figure  2  is
proportional to the metal ion content of the sample.
We have extended our analysis on samples of soil
collected from each of the two locations, in order to
establish the relationship between the content of heavy
metals in soil and the content of heavy metals in the
seeds originating from each respective sample of soil.
We have decided on the concentration of each solution
in which the imbibition process took place depending
on the content of heavy metals in each sample of soil.
Table  2 includes the average values  for  the three
sets of measurements we have conducted in parallel on
each sample.
Table 2. The content heavy metals in the seeds and soil samples for analysis
Samples Fe
(mg/g DW
*)
Cu
(mg/g DW
*)
Zn
(mg/g DW
*)
Pb
(mg/g DW
*)
Polluted bean – BP 0.075 0.007 0.009 0.064
Unpolluted bean – BUP 0.064 0.006 0 0.054
Polluted maize – MP 0.015 0.004 0 0.049
Unpolluted maize – MUP 0.009 0.002 0 0.040
Polluted soil (from Satu Nou de Sus) 13.343 0.173 0.836 0.583
Unpolluted soil (from Oarta de Jos) 0 0.014 0.039 0.058
* - DW = dry weight
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Figure 2. Content of heavy metals, before imbibition, in polluted and
unpolluted seeds of bean and maize
In contaminated soil, the content of metallic ions in
the  crops  depends  on  the  degree  of  pollution  as  our
preliminary data suggests.
Table  3  gives  the  quantitative  dimension  of  the
concentration  of heavy metals, during imbibition,  for
each of the seeds in our samples. The pictures in Figure
3,  (a)  to  (d)  give  the  photographic  proof  about  our
samples for each concentration.
We have included the pictures in  Figure 3, (e) to
(h), in order to reveal in an even more convincing way
the close direct relationship between the concentration
of each solution and the accumulation of heavy metals.
On the other hand, these pictures reveal the dependence
of the nature / concentration of metal ions on the land
each  seed  comes  from.  The  accumulation  of  ions  of
heavy metals is higher in polluted seeds, as compared
to seeds from unpolluted areas, as the Figure 3, (e) –
(h) clearly reveal.
Macroscopic and microscopic images of bean seeds
during  imbibition  in  the  presence  of  ions  of  heavy
metals  conduced  to  a  similar  conclusion  [23].  The
images,  especially  those  microscopic,  disclose  an
imbibition process that starts with the hilum and goes
up to the cotyledon (Figure 4). This happens because
plants block the metallic ions in excess and/ or change
the chemical composition and physical organization of
their  cell  membranes  [22].  Moreover,  the  plants
growing  on  polluted  areas  develop  in  time  some
mechanisms  to  survive  in  ecologically  –  severe
environment.  The  selection  of  this  kind  of  resistant
plants  constitutes  during  the  time  a  particularly
ecotype.
In  the  case  of  maize,  the  macroscopic  and
microscopic images of seeds during imbibition in the
presence of ions of heavy metals were not so relevant
than  the  images  of  bean.  Also,  the  macroscopic  and
microscopic images of seeds during imbibition in the
presence  of  lead  were  not  relevant  because  of  lead
hardly noticeable color (yellow) in presence of KI.
The experiments about the accumulation of heavy
metals ions during the imbibition process has conduced
us to conclude:
Table 3. The contend of heavy metals in polluted / unpolluted bean and maize seeds after imbibition.
Fe
(mg/g DW)
Cu
(mg/g DW)
Zn
(mg/g DW)
Pb
(mg/g DW)
Type
of
seed 10 50 250 10 20 25 5 10 15 100 1000 10000
BP 0.579  0.846 1.486 0.041 0.090 0.827 0.028 0.059 0.094 0.237 7.129 30.059
BUP 0.367  1.097 1.829 0.039 0.048 1.756 0.042 0.052 0.109 0.708 7.435 6.364
MP 0.261  0.321 0.332 0.012 0.015 0.185 0.017 0.027 0.029 0.141 1.832 3.127
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x as  regards  iron,  the  seeds  analyzed  behaved  as
follows:
 the unpolluted beans accumulate more ions than
the polluted beans in solutions with 50 mg/L and
respectively 250 mg/L in concentration;
 both the polluted and unpolluted seeds of beans
accumulate  significantly  more  metal  ions  at
higher concentration;
 the  unpolluted  maize  accumulates  less  metal
ions than the polluted one;
 especially in unpolluted sites, the behaviour of
the seeds of maize seems to not depend on the
concentration of iron;
x as regards copper:
 in both polluted and unpolluted soil, at 10 mg/L
in concentration, the beans accumulate
approximately the same amount; however, as the
concentration goes up to 25 mg/L, the quantity
that  unpolluted  seeds  accumulate  amounts  to
about  the  double  of  the  quantity  that  polluted
seeds collect; on the other hand, at 20 mg/L in
concentration polluted beans accumulate 2 times
more ions than the unpolluted beans;
 the  seeds  of  unpolluted  maize  accumulate
approximately  3  times  less  than  the  seeds  of
polluted  maize,  if  the  concentration  grows
higher (at 20 and respectively at 25 mg/L);
 as happens for iron ions, the accumulation in the
seeds  of  both  polluted  and  unpolluted  maize
does not depend on the content of copper at low
and medium concentrations (10 and respectively
20 mg/L).
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Figure 3. The content of heavy metals in polluted / unpolluted bean and maize seeds after imbibition, where: B P – polluted bean; M P – polluted
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x as regards zinc, the seeds have behaved in a similar
way:
 the unpolluted seeds of both  beans and maize,
accumulate  zinc  ions  more  than  the  polluted
seeds;
 all the seeds we have analyzed during imbibition
have  demonstrated  sensitivity  to  changes  in
concentration in zinc ions;
x as regards lead, only the polluted beans behave in a
different way (showing evidence about their role as
bio-accumulators) as compared to both the polluted
and unpolluted seeds of beans and maize.
The biosorption  of lead  (II) ions onto P. vulgaris
was found by Ozcan  et al. (2009), as a spontaneous
endothermic  process  [18].  This  finding  supports  the
results of our research that includes the bean in the bio-
accumulative  plant  group,  especially  for  copper  and
lead  ions.  Meers  et  al.  (2007)  also  described  this
species  as  one  with  the  high  uptake  of  heavy metal
ions, especially copper and lead [12].
(a)
BP in Fe
2+ 10 mg/L
(b)
BUP in Fe
2+ 10 mg/L
(c)
BP in Fe
2+ 50 mg/L
(d)
BP in Fe
2+ 250 mg/L
(e)
BUP in Cu
2+ 10 mg/L
(f)
BP in Cu
2+ 20 mg/L
(g)
BP in Zn
2+ 15 mg/L
(h)
BUP in Zn
2+ 15 mg/L
Figure 4. P. vulgaris seed – cross sections as captured in optical microscope images at 10 X magnification to detect how the concentration of metal
ions impacts the imbibition degree.
The outcomes of our experiments and analyses can
be summarized as follows:
a) the beans originating in unpolluted areas display
a  stronger  tendency  to  absorb  iron,  copper  and  zinc
ions  than  those  in  polluted  areas,  because  plants
growing  in  polluted  areas  have  developed  adaptive
mechanisms  helping  them  to  survive  in  harsher
environments;
b) the seeds of P. vulgaris and of Z. mays behave in
different ways in the presence of different metallic ions
accumulated  during imbibition; additional differences
occur depending on the concentration of those metallic
ions;
green coloration
of Fe2+ in the
presence of
K3[Fe(CN)6]
red coloration
of Cu2+ in the
presence of
ditizone
brown colration
of Zn2+ in the
presence of
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c) the seeds of beans originating in polluted areas
can play the role of bio-accumulators, as demonstrated
by their atypical behavior in terms of their capacity to
accumulate lead.
Establishing the pattern of distribution of metal ions
in the organs of plants growing from such seeds will
further  contribute  to  shed  light  on  the  behaviors
described above. Our expectation is to find the roots as
the main host  of the metallic ions in  the plant. The
roots  are,  we  can  foresee,  part  of  the  adaptive
mechanism of the plant. This is to be confirmed in the
near future, in our pursuit to bring our research work in
this project to an even higher level of complexity.
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